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(54) MANUFACTURING METHOD OF DIE FOR FORGING BEVEL GEAR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for forging a 
bevel gear in which the forging accuracy of the gear is 
improved, and a forging process of a die is shortened. 
SOLUTION: A die face shape of the forging die is acquired 
based on the three-dimensional coordinate values of the bevel 
gear (P1), and a die stock 20 is directly milled by a small 
diameter ball end mill (P2). The die face is measured (P3) to 
correct the errors, and the tooth flank shape of the gear which 
is forged (P7) by the forging die and heat-treated (P8) is 
measured (P9), and the errors are fed back to the die forging 
(P10). Thus, the die for forging the bevel gear of high accuracy 
can be manufactured in a short time. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] the bulk-like gearing forging characterized by determining the mold face configuration of the metal 
mold for forging a bulk-like gearing based on a bulk-like gearings tooth flank configuration calculated 
theoretically, and machining the mold face configuration with an NC machine tool — public funds — the 
manufacture approach of a mold. 

[Claim 2] the bulk-like gearing forging according to claim 1 which makes into the correction mold face 
configuration performed the correction based on at least one of the dimension error which produces at the 
time of machining of metal mold in the mold face configuration which reversed the irregularity of said tooth 
flank configuration for the mold face configuration by said operation, the dimension error which produce at the 
time of heat treatment of metal mold, the dimension error which produce at the time of forging, and the 
dimension errors which produce at the time of heat treatment of a forging — public funds — the manufacture 
approach of a mold. 



[Translation done.] 
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2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the metal mold for forging bulk- 
like gearings, such as a bevel gear and hypoid gears. 
[0002] 

[Description of the Prior Art] Although the bulk-like gearing had been conventionally manufactured by gear- 
cutting processing, the technique of manufacturing a highly precise gearing with forging came to attract 
attention in recent years, productivity of forging is high, scraps do not come out, but cutting oil is also 
unnecessary — etc. — it is because it is advantageous to an environmental problem. Metal mold is required 
for forging and this metal mold is manufactured by the electron discharge method now using the copper 
electrode manufactured by gear-cutting processing. Although manufacturing a roughing electrode and a finish 
electrode, carrying out sequential use of these two electrodes generally, and manufacturing metal mold is 
performed, it is difficult to manufacture a highly precise bulk-like gearing by this approach. 
[0003] Various errors are collected by the dimension of the bulk-like gearing as a product when obtaining 
metal mold from the electrode which carried out gear-cutting processing. For example, the heat treatment 
distortion of a forging etc. becomes the gear-cutting processing error at the time of electrode processing, the 
electron discharge method error at the time of metal mold manufacture, a forging process error at the time of 
forging, and a pan with the cause of a bulk-like gearing's dimension error. It is difficult to perform gear-cutting 
processing of an electrode so that these errors may be negated synthetically. For example, when the external 
waviness component of the direction of a tooth trace of extent which cannot be disregarded is in an overall 
error, this cannot be solved with the device of gear-cutting processing of an electrode. 

[0004] Moreover, in many curvature fool-like gearings or hypoid gears, a pressure angle differs from angle of 
torsion by the concave tooth flank side a convex tooth flank side, and the same is not said of various kinds of 
above-mentioned errors among both tooth flanks, furthermore — since the main wheel of the hypoid gears for 
passenger cars etc. is generally carrying out coincidence gear cutting of both the tooth flanks — every [ a 
piece tooth flank ] — becoming independent — in addition — and it is very difficult to carry out gear-cutting 
processing which took the various above-mentioned errors into consideration. 
[0005] 

[Object of the Invention, a technical-problem solution means, and effectiveness] it makes as a technical 
problem that this invention makes the above situation a background and makes it possible to manufacture the 
metal mold which can forge a highly precise bulk-like gearing — having — this invention — following each 
voice — bulk-like gearing forging [ like ] — public funds — the manufacture approach of a mold is acquired. 
Like a claim, each mode is classified into a term, gives a number to each item, and indicates it in the format of 
quoting the number of other terms if needed. This is for making an understanding of this invention easy to the 
last, and technical features and those combination given in this specification should not be interpreted as 
being limited to each following item at the thing of a publication. Moreover, when two or more matters are 
indicated by the first term, the matter of these plurality must not always be adopted together. It is also 
possible to choose and adopt only some matters. 

[0006] (1) The manufacture approach of the metal mold for bulk-like gearing forging characterized by what the 
mold face configuration of the metal mold for forging a bulk-like gearing is determined based on a bulk-like 
gearing's tooth flank configuration calculated theoretically, and the mold face configuration is machined for 
with an NC machine tool (claim 1). A bulk-like gearing's tooth flank configuration can be expressed with the 
set of a three-dimension coordinate value. For example, based on the configuration of a processed gearing 
material, a processing tool, housekeeping of a machine tool to be used, etc., it can express from the relative 
motion between a processing tool and a processed gearing material as a set of the three-dimension coordinate 
value on the rectangular coordinates which make a zero the top-most vertices of the pitch cone of a 
processed gearing, for example. And in principle, if the irregularity of the tooth flank configuration of this bulk- 
like gearing calculated theoretically is reversed, the mold face configuration of the metal mold for forging a 
bulk-like gearing will be acquired. If the coordinate value group which specifies the locus of the core of the bail 
section based on that acquired mold face configuration and the radius of the dimension of a processing tool, 
for example, the ball section of a ball end mill, is obtained and numerical control of the relative motion of a ball 
end mill and a processed gearing material is carried out based on this coordinate value group, the target metal 
mold is processible. Although this invention is applicable also to manufacture of the metal mold for forging a 
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straight bevel gear a spiral bevel gear, etc., it is applied to manufacture of the curvature fool-like gearing 
which cannot raise process tolerance easily by the conventional manufacture approach, and is especially 
effective. 

(2) The mold face configuration acquired based on the tooth flank configuration of said bulk-like gearing 
calculated theoretically In the theoretical mold face configuration where the irregularity of said theoretical 
tooth flank configuration was reversed (1) which makes into the correction mold face configuration where of 
the correction based on at least one of the dimension error produced at the time of machining of metal mold, 
the dimension error produced at the time of heat treatment of metal mold, the dimension error produced at 
the time of forging, and the dimension errors produced at the time of heat treatment of a forging was 
performed bulk-like gearing forging given in a term — public funds — the manufacture approach (claim 2) of a 
mold. The dimension error produced at the time of machining of metal mold and heat treatment or the 
dimension error produced at the time of forging of a bulk-like gearing or heat treatment of a forging what is 
acquired by theoretical count Like the after-mentioned, what is acquired based on the data accumulated at 
the time of manufacture of the conventional metal mold actually manufactured metal mold, and could be 
acquired by measuring the tooth flank of the prototype gearing which measured the mold face of the metal 
mold, or was forged and heat-treated. When machining metal mold with an NC machine tool, at least one can 
be easily removed as the dimension error produced at the time of machining of metal mold, the dimension 
error produced at the time of heat treatment of metal mold, and the dimension error produced at the time of 
forging by correcting the data which control the relative motion of a processing tool and a processed gearing 
material. 

(3) (1) including the process which detects the dimension error of the mold face of the metal mold after said 
machining A term or (2) bulk-like gearing forging given in either of the terms — public funds — the 
manufacture approach of a mold. 

(4) (3) which corrects to the mold face configuration of said metal mold for decreasing the dimension error of 
said acquired mold face, and acquires a correction mold face configuration bulk-like gearing forging given in a 
term — public funds — the manufacture approach of a mold. Thus, if a mold face is newly machined according 
to the acquired correction mold face configuration, highly precise metal mold can be obtained. The metal mold 
processed in order to acquire a correction mold face configuration may rework in the following term by the 
approach of a publication, may be used as metal mold, and may be discarded. 

(5) (3) including the process performed to the mold face after machining the rework for decreasing the 
dimension error of the mold face of the metal mold after said machining A term or (4) bulk-like gearing forging 
given in a term — public funds — the manufacture approach of a mold. (3) It is also (4) to rework the original 
mold face configuration based on the dimension error acquired by the term. It can also rework according to the 
correction mold face configuration acquired by the term. If the original mold face configuration is determined 
as the configuration which runs short of the amounts of processings a little from a theoretical mold face 
configuration, the metal mold of a proper mold face configuration can be obtained by additional machining. The 
original mold face configuration is made into the mold face configuration considered to be proper, when the 
amounts of processings run short, additional machining is performed, and when the amount of processings is 
excessive, after welding etc. performs padding, it can also machine again. 

(6) (1) including the process which detects the dimension error of the tooth flank of the bulk-like gearing 
forged by the metal mold after said machining A term thru/or (5) bulk-like gearing forging of any one 
publication of the term — public funds — the manufacture approach of a mold. After heat-treating on the 
forged bulk-like gearing, it is desirable to detect the dimension error of a tooth flank. 

(7) (6) which corrects to the mold face configuration of said metal mold for decreasing the dimension error of 
said acquired tooth flank, and acquires a correction mold face configuration bulk-like gearing forging given in a 
term — public funds — the manufacture approach of a mold. 

(8) (6) which performs rework for decreasing the dimension error of said tooth flank to the mold face of the 
metal mold after said machining A term or (7) bulk-like gearing forging given in a term — public funds — the 
manufacture approach of a mold. (6) It is also (7) to rework based on the dimension error acquired by the 
term. It can also rework according to the correction mold face configuration acquired by the term. (5) about 
the decision approach of the original mold face configuration Explanation of a term is applied also to this 
paragraph. 

[0007] 

[Embodiment of the Invention] The numerically controlled milling machine 10 which enforces the manufacture 
approach which is 1 operation gestalt of this invention is explained based on drawing 1 . A milling machine 10 
includes a body 12, a table 14, and the tool main shaft 16, as shown in drawing 1 . The table 14 is formed in 
the X-axis, a Y-axis, and Z shaft orientations respectively possible [ relative displacement ] to the body 1 2. 
On the table 14, the pivotable rotation base 15 is further formed to the table 14 at the circumference of a 
perpendicular axis, the tool main shaft 16 — the column of a body 12 — receiving — relativity — it is 
prepared pivotable and possible [ relative displacement to Z shaft orientations ]. In this operation gestalt, a ball 
end mill 18 is attached in the tool main shaft 16, and the metal mold material 20 as a workpiece is held in the 
rotation base 15. 

[0008] Actuation of a milling machine 10 is controlled by the control unit 30. A control unit 30 is what makes a 
subject the computer containing the input section 32, CPU34, ROM36 and RAM38, the output section 40, etc.. 



http://www4.ipdl. ncipi.gojp/cgi-bin/tran_web_cgi_eJe 



06/05/30 



JP.2002-239676.A [DETAILED DESCRIPTION] 3/6 ^ — v 



* • 



as shown in drawing 2 . In the input section 32 The location of Z shaft orientations of the direction location 
sensor 42 of work-piece X which detects the location of X shaft orientations of a workpiece 20, Y shaft 
orientations, and Z shaft orientations, and the phase of the circumference of a perpendicular axis, respectively, 
the direction location sensor 44 of work-piece Y, the work-piece Z direction location sensor 46, the work- 
piece phase sensor 47, and a ball end mill 1 8 While the tool Z direction location sensor 48 grade to detect is 
connected, the input unit 50 is connected. The monograph affair in the case of processing etc. is inputted 
through an input unit 50. moreover, in the output section 40 While moving the table 14 holding a workpiece 20 
to X shaft orientations, Y shaft orientations, and Z shaft orientations, respectively While the motor 60 for 
work— piece X directional movements rotated to the circumference of a perpendicular axis, the motor 62 for 
work-piece Y directional movements, the motor 64 for work-piece Z direction migration, and the motor 65 for 
work-piece rotation are connected through the drive circuit 70, respectively The motor 66 for tool Z direction 
migration made to move the tool main shaft 16 to Z shaft orientations and the tool main shaft rotation drive 
motor 68 which carries out the rotation drive of the tool main shaft 16 are connected through the drive circuit 
70. respectively. Furthermore, the monitor 72 is connected to the output section 40. An operator inputs the 
configuration of the processing field on the metal mold material 20 etc. through an input unit 50. looking at the 
display screen of a monitor 72. Various programs, tables, etc., such as a motor control program which controls 
each motor to be made for a ball end mill and a workpiece to be displaced relatively, are stored in ROM36. 
[0009] The milling machine 10 constituted as mentioned above is used, and the forging metal mold fabrication 
operation which manufactures a deflection fool gearing's forging metal mold is explained. The part which 
acquires the mold face configuration which should be formed among fabrication operation is explained to a 
detail, and explanation is omitted about the process well known from the former, such as cutting. 
[0010] It explains roughly first. The theoretical tooth flank configuration of a spiral bevel gear is acquired by 
count, and the theoretical mold face configuration of forging metal mold is acquired by reversing it. The 
theoretical mold face configuration is corrected based on the various errors predicted beforehand, and the 
policy objective mold face configuration which should finally be created is set up provisionally. If a policy 
objective mold face configuration carries out cutting of the metal mold material according to the configuration 
and it heat-treats by carrying out forging of the gearing material using the forging metal mold created by 
performing heat treatment etc., it will be a configuration of a mold face where the gearing which has an ideal 
tooth flank configuration should be able to be obtained. Although it is desirable to be set up based on the 
processing error produced actually as for the policy objective mold face configuration, since they cannot be 
known in advance, based on the error beforehand predicted to be the above-mentioned theoretical mold face 
configuration, a provisional policy objective mold face configuration is set up first. The error predicted 
beforehand is searched for in this operation gestalt based on the data accumulated in the past, although you 
may ask by theoretical count. 

[001 1] In this operation gestalt, in order to avoid processing a metal mold material more deeply than a policy 
objective mold face, after a metal mold material roughs, it divides into multiple times and finishing cutting is 
performed. After the first finishing cutting was performed, the dimension error at the time of machining is 
acquired and the next finishing cutting is specifically performed, the dimension error produced at the time of 
the error which a gearing is made as an experiment and produced at the time of heat treatment of metal mold 
and forging, and heat treatment of a forging is acquired. Based on the they-acquired data, the above- 
mentioned provisional policy objective mold face is corrected, a policy objective mold face is set up, and 
finishing cutting is carried out. In this operation gestalt, while measurement of various errors is performed 
using one metal mold material, according to a policy objective mold face configuration, finishing cutting is 
carried out about the metal mold material, and forging metal mold is created. 

[0012] Below, based on the flow chart shown in drawing 3 and drawing 4 , it explains at a detail. When 
processing initiation is directed by the operator etc., it is a process P1 (P1 is only called below.), other 
processes — being the same — it sets and a target mold face is set up for the time being which should be 
fabricated by the first finishing cutting. A target mold face is set up for the time being [ this ] by performing in 
the main computer which the program shown in drawing 4 with a flow chart does not illustrate. 
[0013] A target mold face setting program is explained for the time being. First, the step S1 (S1 is only called 
below.) other steps — being the same — the three-dimension coordinate value of the theoretical tooth flank 
configuration of the spiral bevel gear which it is going to process with forging, and the direction unit vector of 
a normal over the tooth flank in each coordinate are computed by setting. The three-dimension coordinate 
value of the theoretical tooth flank configuration of the spiral bevel gear obtained by gear-cutting processing is 
acquirable from the relative motion of the processing tool and gearing material based on the configuration of 
the gearing material as a workpiece before gear-cutting processing is carried out, housekeeping of the 
processing tool to be used or gear-cutting equipment, a gear-cutting method, etc. with count. In addition, 
gear-cutting equipment can be deduced with a cam mechanism, can also be used as the machine tool by 
mechanical control, such as using a device, and can also be used as an NC machine tool. For example, drawing 
6 (a) While acquiring as a point P on the rectangular coordinate system which makes a zero the pitch cone 
top-most vertices of the spiral bevel gear which should be manufactured this time (X, Y, Z) so that it may be 
shown, it is acquirable as direction unit-vector N of a normal to the tooth flank in Point P (Nx, Ny, Nz). The 
gear tooth of one sheet of the spiral bevel gear drawn by the point group for which drawing 5 was asked by the 
above-mentioned approach is shown. In addition, beveling and when ** forms **, it is desirable to acquire the 
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configuration containing them as the above-mentioned theoretical tooth flank configuration. 
[0014] Next, in S2, the direction unit vector of a normal over the three-dimension coordinate value of the 
theoretical mold face configuration of forging metal mold and the mold face in each coordinate is computed 
based on a theoretical tooth flank configuration, here — forging — metal mold — the theory — a mold face - 

— a configuration — it should be processed — a gearing — the theory — a tooth flank — exactly — fitting in 

— suiting — an imprint — relation — becoming — since — (refer to drawing 6 (b)) a gearing — the theory — 
a tooth flank — a top — a point — P — corresponding — forging — metal mold — the theory — a mold face 

— a top — a point — P — ' — and — the — a point — P — ' — it can set — a normal — a direction — a 
unit vector — N — ' — ( — one — ) — a formula — and — ( — two — ) — a formula — be shown — as — 
expressing — having — . Point P' becomes the value which direction unit-vector Nof normal ' made reverse 
direction unit-vector N of a normal in accordance with Point P. 

P'=P ... (1) 
N'=-N ... (2) 

[0015] Furthermore, in S3, in order to make small effect of heat treatment distortion etc. of a forging process 
error metallurgy mold and a forging based on the data accumulated in the past, P* and N' are corrected, and 
the policy objective mold face which should actually be formed is set up provisionally. In addition, although 
there are some which change based on the pressure angle and angle of torsion of a tooth flank in the heat 
treatment distortion of a forging process error metallurgy mold and a forging and these pressure angles differ 
from angle of torsion about one tooth space in the tooth flank ahead of a hand of cut, and the tooth flank of 
the method of method Kogo of rotation, in this operation gestalt, it is correctable about each. 
[0016] In this operation gestalt, as mentioned above, although a policy objective mold face is formed gradually, 
the dimension error produced at the time of machining is measured first. A target mold face is set up for the 
time being which should be fabricated by the first finishing cutting based on a provisional policy objective mold 
face in S4. A target mold face is the configuration in which the correction for an allowance for machining for 
two finish-machining was added to the provisional policy objective mold face for the time being [ this ]. 
[001 7] In P2, if a target mold face is set up for the time being based on the above count next, NC program for 
forging metal mold processing for controlling the locus of the ball end mill 18 as a processing tool (the program 
for processing is called hereafter) will be created, finishing cutting of the metal mold material 20 will be carried 
out according to the program for processing, and intermediate product slack middle metal mold will be obtained 
so that a target mold face may be formed for the time being. 

[001 8] Next, in P3, the real mold face configuration which is an actual configuration of the mold face of middle 
metal mold is measured. The touch sensor which is not illustrated in middle metal mold is made to specifically 
advance, and a real mold face configuration is measured. In P4, a target mold face is set up for the time being 
[ new ] based on a real mold face configuration in the main computer. A target mold face is specifically 
compared a real mold face configuration and for the time being which was set up previously, both dimension 
error is acquired, and the configuration of the mold face for forging a prototype gearing is set up as a target 
mold face configuration for the time being [ new ] based on the dimension error and provisional policy 
objective mold face. A target mold face configuration is made into the configuration where the correction for 
an allowance for machining of one finish-machining was added to the provisional policy objective mold face 
configuration, for the time being [ new ]. Next, it progresses to P5, the program for processing is created so 
that a target mold face may be formed for the time being, and according to the program for processing, 
finishing cutting of the middle metal mold is carried out. In addition, a target mold face is compared the above- 
mentioned real mold face configuration and for the time being [ directly new ], and the program for processing 
may be made to be created instead of performing P4 based on those differences. 

[0019] Next, in P6, heat treatment etc. is performed to middle metal mold, and the prototype gearing as a 
prototype is forged into it using it in P7. In P8, heat treatment is performed to the forged prototype gearing, 
and then a prototype gearing's tooth flank configuration is measured in P9. A real tooth flank configuration is 
measured like measurement of the above-mentioned real mold face configuration by the measuring device 
which has a touch sensor. In P10 and P1 1, finishing cutting of the mold face of middle metal mold is further 
carried out based on the actual measurement of a tooth flank configuration. Since a prototype gearing's tooth 
flank configuration can be predicted from the above-mentioned theoretical tooth flank configuration and the 
allowance for machining of one finish, the prediction tooth flank configuration predicted to be a real tooth flank 
configuration is compared, and, specifically, those dimension errors are acquired. While a policy objective mold 
face is set up based on the dimension error and provisional policy objective mold face, the program for 
processing is created, and middle metal mold is processed according to the program for processing. One metal 
mold creation activity is completed above. 

[0020] Next, after a gearing is forged using the created forging metal mold and heat treatment is carried out, 
the gearing's real tooth flank configuration is measured. When the dimension error over the theoretical tooth 
flank configuration of the measured value a gearings real tooth flank configuration is small enough, the metal 
mold is used as forging metal mold To it, when a dimension error is large, processing is performed further. 
Here, since forging metal mold will have been processed more deeply than a policy objective mold face when a 
real tooth flank configuration is larger than a theoretical tooth flank configuration, the metal mold is discarded 
and processing is performed from the beginning using another metal mold material. Since processing of the 
mold face of forging metal mold is insufficient when a real tooth flank configuration is smaller than a 
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theoretical tooth flank configuration, additional processing is performed based on the configuration. Additional 
processing, forging of a gearing, and measurement of a real tooth flank configuration are repeatedly performed 
until the above-mentioned error becomes small enough. 

[0021] In this operation gestalt two present target mold faces, a provisional policy objective mold face, and a 
policy objective mold face are equivalent to a "correction mold face configuration", respectively so that 
clearly from the above explanation. 

[0022] According to the metal mold processing approach in this operation gestalt, it becomes possible to forge 
a highly precise gearing by manufacturing forging metal mold based on the deformation predicted beforehand. 
Furthermore, it becomes possible to manufacture beveling and the gearing with which ** has ** by forging. 
[0023] In this operation gestalt since finishing cutting of multiple times is performed and a policy objective 
mold face is formed to the metal mold material with which it roughed, it does not have to become easy to 
avoid to be processed more deeply than a policy objective mold face, and it is not necessary to make a metal 
mold material useless. Furthermore, since an activity is done processing data being acquired in connection 
with the finish-machining process of multiple times, and correcting, accurate forging metal mold can be 
obtained. In addition, after heat-treating to middle metal mold, it is desirable to perform a grinding process, 
when processing it further, and to use the grinding stone of the configuration near a ball end mill with a radius 
small in that case. 

[0024] In the operation gestalt explained above, a policy objective mold face configuration is provisionally set 
up based on the data accumulated in the past, correcting an intermediate objective mold face configuration 
based on the measured value of the real mold face configuration of middle metal mold — ** — measuring a 
prototype gearing's real tooth flank configuration, and correcting a policy objective mold face configuration 
combining, and performing — accurate spiral-bevel-gear forging — public funds — a mold is obtained. 
However, either may be omitted while those. Specifically measurement of a real mold face configuration is 
omitted, a prototype gearing is forged using the middle metal mold with which the first finishing cutting was 
performed, a policy objective mold face may be made to be set up based on the dimension error of that, 
forging of a prototype gearing is omitted, a real mold face configuration is measured, and a policy objective 
mold face configuration may be made to be set up based on the dimension error. 

[0025] Moreover, if machining of cutting, grinding, etc. is made to be performed based on the mold face 
configuration (specifically locus of a tool) of the metal mold finally acquired when manufacturing two or more 
forging metal mold, two or more accurate forging metal mold can be manufactured well. 
[0026] When the part deleted more deeply than a policy objective mold face arises in this operation gestalt, 
the metal mold is abandoned, a new metal mold material is processed, but even if it is the case where it has 
deleted more deeply than a policy objective mold face, padding may be carried out to the forging metal mold 
by welding etc., it may machine again, and forging metal mold may be manufactured. 

[0027] In the above-mentioned operation gestalt, although he was trying to be manufactured in forging metal 
mold by processing multiple times into one metal mold material, one forging metal mold may be manufactured 
using two metal mold materials. Since it is common in the above-mentioned operation gestalt about a concrete 
activity or a setup of a mold face, about a work flow, it simplifies and this mode is explained. What is common 
among the mold faces used during an activity omits explanation using the same name. 

[0028] In this operation gestalt, a provisional policy objective mold face is set up based on the past data etc., 
cutting is performed to a metal mold material according to it, forging metal mold is manufactured, and a 
prototype gearing is forged. According to a provisional policy objective mold face, a line crack and provisional 
forging metal mold are manufactured for finishing cutting from the start. A prototype gearing is forged using 
the provisional forging metal mold, and heat treatment is carried out. The prototype gearing's real tooth flank 
configuration is measured, and it is compared with a theoretical tooth flank configuration. When both dimension 
error is small enough, provisional forging metal mold will be used as forging metal mold, and processing is 
completed. 

[0029] When the magnitude of a dimension error is over the allowed value to it, provisional forging metal mold 
is discarded, corrects a dimension error, a policy objective mold face is set up, another metal mold material is 
processed, and forging metal mold is manufactured. Also in the forging metal mold manufactured newly, a 
gearing is made as an experiment, a prototype gearing's real tooth flank configuration and theoretical tooth 
flank configuration are compared, and it is checked that both dimension error has become small enough. On 
the other hand, if the configuration of the gearing manufactured in experimental forging is smaller than a 
theoretical tooth flank configuration, additional processing will be carried out like the above-mentioned 
operation gestalt. 

[0030] In this operation gestalt forging metal mold is made as an experiment using the 1st metal mold material, 
and the 2nd metal mold material is processed based on the configuration of the prototype gearing forged by it 
Thus, if processing is made to be performed according to a provisional policy objective mold face directly, as 
compared with said operation gestalt forging metal mold can be manufactured well. 

[0031] as mentioned above — although the manufacture approach of the forging metal mold for carrying out 
forging of the spiral bevel gear was explained — immediately — a fool pinion — and forging metal mold can be 
immediately manufactured similarly about a fool main wheel and hypoid gears. 

[0032] Although some operation gestalten of this invention were explained to the detail, it cannot pass over 
these to instantiation, but this invention can be carried out with the gestalt which performed various 
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modification and amelioration based on the knowledge of these contractors including the mode indicated by 
the term of the above [Object of the Invention, a technical-problem solution means, and effectiveness]. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing notionally the milling machine for realizing the forging metal mold 
manufacture approach which is 1 operation gestalt of this invention. 

[Drawing 2] It is the block diagram showing the control device which controls the above-mentioned milling 
machine. 

[Drawing 3] It is a flow chart for explaining the metal mold material processing activity in this operation gestalt 

[Drawing 4] It is the flow chart which shows the first present target mold face setting program among the 
above-mentioned metal mold material processing activities. 

[Drawing 5] It is a perspective view for explaining the theoretical tooth flank configuration searched for in a 
target mold face setting program for the time being [ above-mentioned ]. 

[Drawing 6] It is a perspective view for explaining the theoretical mold face configuration searched for in a 
target mold face setting program for the time being [ above-mentioned ]. 
[Description of Notations] 

10: Milling machine 18: Ball end mill 20: Metal mold material 30: Control unit 34:CPU 36:ROM 38:RAM 
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